could be described for both catchments. The influence of evaporation of some samples on lower altitudes could be identified using deuterium excess calculations. Our study lead to a better description of isotope variations in snow cover of mountainous catchments and might therefore be useful to enhance tracer aided hydrological modeling approaches which often only refer to precipitation input concentrations of single observation points in monthly resolution.
INTRODUCTION
The study sites are located in the mountainous part of the southern Black Forest Mountains in Germany (Fig. 1) . The Dreisam catchment (257 km 2 ) spans an altitudinal range from 308 m a.m.s.l. at the outlet to 1493 m a.m.s.l. at the summit of the Feldberg. The mean altitude is 780 m a.m.s.l. The basin is widely forested (57%); 40% is pasture land and urban land use is less than 3% (Fig. 1) . The climate is generally influenced by the west wind circulation superposed by numerous local effects. Annual precipitation is ~1500 mm a -1 , causing a mean annual discharge of ~770 mm a -1 . Glacial morphology is evident in landforms such as moraines, cirques, and the U shaped valleys. The study area is underlain by different metamorphic and intrusive rocks and the bedrock material is covered by brown soils developed in the glacial and periglacial drift covers. See [10] for a detailed description of the basin.
The Bergsee catchment (11 km 2 ) ranges from 380 m a.m.s.l to 1050 m a.m.s.l. (Fig. 1) . The mean altitude is about 800 m a.m.s.l. This catchment is less forested (45%) and the urban land use is doubled (6.3%) compared with the Dreisam catchment. Precipitation is comparable to the Dreisam catchment with 1400-1800 mm a -1 , whereas annual discharge is about 1000 mm a Snow and therefore snowmelt can be a very important contribution to runoff in snow dominated mountainous catchments, especially at high elevations in the Black Forest Mountains where snow is the dominant input during the winter season. During the melting period in spring snowmelt is an important component of the runoff formation process. Due to the complexity of snow cover and snow melting dynamics and their high spatial and temporal variability it is challenging to include these processes in hydrological models.
Environmental isotopes like deuterium and oxygen-18 have been used in many studies in the past to investigate processes of snow deposition and changes within the snow cover. For catchment studies it is important to consider the temporal variations of isotopes in the snow cover as an input in the system [e.g. 3, 4, 8, 9, and 11] . Several hydrograph separation studies using isotopes in snowmelt have been carried out in the last decades [e.g. 1, 4, 5, 6, and 7] .
The objectives of this study were to (i) characterize the spatial variability of snow cover depths (S D ) and snow water equivalent (S WE ) within a snow layer, to (ii) characterize the spatial isotope variability, and to (iii) to test and estimate if there is an isotope altitude effect in snow similar to precipitation studies. . At each sampling point the geographical location and altitude was estimated using geographical positioning system (GPS). Snow depths where determined with snow augers and snow characteristics were described. Bulk samples were taken with a snow auger and stored in sealed plastic bags to estimate density of the snow cover and for measurement of the isotopic composition of the melted snow. At certain locations snow profiles were collected in a vertical resolution of 5 to 10 cm steps to describe the vertical distribution of the stabile isotopes in the snow profile. Snow density was determined gravimetrically after melting of the snow sample in the laboratory over night.
B. Isotope Analysis
Oxygen-18 and deuterium values of water samples were analyzed at the Institute of Hydrology at Freiburg University using a Finnigan MAT Delta S dual inlet Isotope Ratio Mass Spectrometer (IRMS). Oxygen-18 was analyzed after 11 hours (20°C) CO 2 equilibration with 5 ml sample aliquot with an equilibration unit. For deuterium analysis 1 μl sample was injected into an H/Device using a chrome reduction method at 900°C. Analytical precision was better than ±0.2‰ and ±1‰ for į Correlation coefficients are less strong than for snow depths and snow water equivalent investigations and range from r=0.42 to 0.51 for į 18 O and from r=0.41 to 0.57 for į 2 H, respectively, over the two sampling periods. However no clear correlations between deuterium excess values and altitude could be observed.
CONCLUSIONS
Strong correlations between total snow depth, snow water equivalent and altitude was found in both catchments for the two sampling periods. Also clear relationships were found between stable isotope concentrations of oxygen-18 and deuterium and altitude of the sampling points. Contrary to our conception no significant correlations could be found between deuterium excess values and altitude.
We suggest extending experimental research using environmental isotopes in snow cover investigations, because they can provide useful information to improve our knowledge about runoff processes and runoff components especially during times of ablation and for events caused by snowmelt in mountainous catchments.
